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USE OF CERTAIN ISOQUINOLINESULFONYL COMPOUNDS 
FOR THE TREATMENT OF GLAUCOMA AND OCULAR ISCHEML\ 

Background of the Invention 

The present invention relates generally to the field of ophthalmology. In particular, 
the invention relates to the treatment of ocular disorders including visual field loss and 
glaucoma using a isoquinolinesulfonyl confound, which lowers intraocular pressure (lOP) 
and produces dilation of ocular blood vessels. 

Although the underlying causes of glaucoma are not fiilly understood at this time, 
glaucoma is characterized by damage to the optic nerve head, acconq>anied by a decrease in 
the normal visual field. One risk factor for glaucomatous visual field loss is elevated lOP. 
In fiict, glaucoma has historically been treated by dmg and/or surgical therapy to lower 
elevated lOP. While elevated lOP has been positively correlated with the rate of 
progression of visual field loss in glaucoma, visual field loss may occur at levels of lOP 
which are considered within the normal range. Thus, other factors, alone or in addition to 
elevated lOP, may influence the occurrence and rate of progression of visual field loss. 

To remain healthy and fimction normally, the retina and the optic nerve head fibers 
(neurons) must receive a proper supply of nutrients and oxygen, and nmst have their carbon 
dioxide and other metabolic waste products removed. This is acconq)lished by the 
microcirculation in these tissues. As used herein, the term "microcirculation" refers to the 
blood flow through the nutritive blood vessels, across whose walls nutrients, gases and 
waste products move. Blood flow to the eye depends upon the perfiision pressure (the 
systenaic blood pressure minus the lOP). Some tissues have the abiUty to noaintain (i.e., 
autoregulate) blood flow through a range of perfimon pressures such that an increase in 
systemic blood pressure may cause a reduction in the caUber of the blood vessel tumm. 
Conversely, reduction in systemic pressure in such tissues can result in vessel dilation; 
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however, there is a point ^Aere perfusion pressure Ms to such a level that the vessel is 
maximally dilated. Any fUrther fen in perfusion pressure results m a reduction of blood 
flow to the tissue (ischemia). Ischemia may also result from obstmction, vasospasm, 
increased vascular resistance, or other interference widi microcirculation. Prolonged 
ischemia ultimately can result in tissue necrosis or neuronal cellular apoptosis. In tiie case 
of the optic nerve head or retina, a state of visual dysfimction may precede die deatii of the 
neurons. Hence, if ischemia is mvolved in tiie deatii of optic nerve fibe« due to gbucoma 
or some otiier ischemic-bome retinopatiues or optic neuropatiiies, tiien its prevention could 
protect the neurons from death or loss of fimction. 

Hie vasodilatory and spasmolytic activities of certain isoqumolinesulfonyl 
compounds have been described witii respect to non-ocular tissues. See, e.g., EP 0 187 
371 Bl. which corresponds to U.S. Patent No. 4,678,783. TTiese vascuhir attributes are 
likely associated witii inhibition of myosin-hght chain kinase activity. Myosb-Hght chain 
kinase is an enzyme necessary for tiie excitation-contraction coupling of contractile activity 
in vascular smooth muscle. Inhibition of tins enzyme results in vascular smootii muscle 
relaxation (i.e., vasodilation) vi4uch can produce an increased blood flow. 

Siinwtia ry pf the Invention 

The inventors believe tiiat microcircuktory disturbances tixat restrict nutritive blood 
flow to tiie choroid, retina and optic nerve head are likely involved in tiie progression of 
visual field loss. While bound by no tiieories, tiie inventors postukte tiiat compounds ^ch 
enhance oxygen and nutrient delivery by enhancang ocuhir blood flow may be beneficial in 
preventing optic nerve head injury and may subsequentiy prevent or alter tite rate of 
progression of visual field loss associated witii gbucoma and ischemic optic neuropatiiies. 

The present invention provides compositions and metiiods usefiil m the treatment of 
ghiucoma (witii or wifliout ocular hypertension) and ocular ischemia, which may result m 
retinopatiiies and optic neuropatiiies. The compositions contain an isoqumolinesulfonyl 
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coiqpound which is efifective in reducing or preventing optic nerve head or retinal damage 
as weU as reducing lOP toward normal levels and thus, in reducing or preymting visual 
field loss. 

In an alternative embodiment of the compositions and methods of the present 
invention, the above compositions may further mclude a mucomimetic polymer, a gelling 
polysaccharide, a finely divided drug carrier substrate (defined below), or a combiaation of 
these components. These additional conq)onent5 provide conqiositions which enhance 
comfort and provide sustained release and delivery of the drug to the eye. 

Detailed Description of the Invention 

Elevation of lOP is associated with cfinical manifestations characteristic of 
glaucomatous optic neuropathy. Optic nerve dysfimction may be the result of 
pressure-induced changes in the structure of the optic nerve head and/or reduced 
circulation to the optic nerve head and retina. In addition to affecting vascular re^ance 
and blood flow, the inventors have discovered that certain isoquinolinesulfonyl coixq>ounds 
also lower intraocular pressure. 

The isoquinolinesulfonyl compounds of the present invention are the compounds of 
formula (I) shown below, as well as their pharmaceutically acceptable salts. 
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Wherein R' represents a hydrogen atom, a chlorine atom or a hydroxyl group; and when R' 
represmts a hydrogen atom, 

A represents an ethylene group unsubstituted or substituted with an alkyl 

group having 1 to 6 carbon atoms, a phenyl group or a benzyl group, 

R^ and are directly bonded with each other, thereby fomung a 

trimethylene group unsubstituted or substituted with an alkyl group 
having 1 to 6 carbon atoms, a phenyl group or a benzyl group, and 

R" represents a hydrogen atom or an alkyi group having 1 to 6 carbon 
atoms; and 

when R' represents a chlorine atom or a hydroxyl group, 

A represents an alkylene group having 2 to 6 carbon atoms, said group 

being unsubstituted or substituted with an alkyl group having 1 to 6 
carbon atoms, 

R^ and R' are not bonded with each other and each independently represent a 
hydrogen 

atom or an alkyl group having 1 to 6 cariion atoms, or R^ and R' are directly 
bonded with each other, thereby formmg an ethylene group unsubstituted or 
substituted with an alkyl group having 1 to 6 carbon atoms or a trimethylene 
group unsubstituted or substituted with alkyl groi^ having 1 to 6 carbon 
atoms, and 

R* represents a hydrogen atom, an alkyl group having 1 to 6 cari>on atoms 
or an amidino group; 

and pharmaceutically acceptable salts thereof With respect to the above-mentioned alkj^ 
groups, they may be a straigjht diam group or a branched chain gcovtp. These confounds 
and methods of their syntheses are disclosed in U.S. Patent No 4,678,783, the entire 
contents of wdiich are mcoiporated herem by this reference. Other isoquinoHnesulfonyl 
derivatives and methods of thehr syntheses are disclosed m U.S. Patoit No. 4,525,589, the 
«itffe contents of which are likewise incorporated heiem by this reference. 
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The preferred isoqiunoUiiesulfonyl coxnpoxmd of the present mvention is hexahydro- 
l-(S-isoquinolinylsulfonyl>-lH*l,4-diazepme, also known as 

l-(5-isoquinoUnesulfonyl)-homopipera2ane, and shown below as Compound (EE), as well as 
its pharmaceutically acceptable salts. 




Most preferred is the hydrochloride salt of Compoimd (D). The hydrochloride salt of 
Compound (11), known as fasudil, AT-877, and HA- 1077 is manu&ctured by Asahi 
Chemical Industry Co., Ltd. (Japan). 

Alternatively, Compound (II) and a preferred metabolite thereof may be represented 
by the following formula: 

R 




herein R = H or OH. 

In general, for topical administration an amoimt of an isoquinolinesulfonyl 
compound between about 0.001 and about 10.0 percent by weight (wt%) is used in the 
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compositions of the present invention. It is prefeired that between about 0.01 and about 
3.0 wt% is used, and it is especially preferred to use an amount between about 0. 1 and 
about 2.0 wt%. 



The compositions of the present invention may additionally inchide componoits to 
provide sustained release and/or comfort. Such compon«its inchide mucomimetic 
polymers, gelKng polysaccharides and finely-dhaded drug carrier substrates. These 
components are discussed in greater detail in U.S. Patent No. 4.91 1,920 issued March 27, 
1990 and m U.S. Patent No. 5.212,162 issued May 18, 1993. The entire contents of thesl 
two patents are mcorporated herem by reference. For purposes of tiiis mvention. tiie tenn 
"mucomimetic polymers" mcludes carbomers (discussed below), mucopolysaccharides 
(e g. hyahnronic acid and chondroitm sulfite) and celhilosic polymers (e.g. metiiyl ceDulose. 
hydroxy propyl metiiyl celhdose, hydroxyetiiyl cellulose, cari>oxy metiiyl celhilose, and 
hydtaxy propyl cellulose). 

The prefeired mucomimetic polymers usefid in tiie present invention are anionic and 
have a molecukr weight between about 50,000 and 6 milUon daltous. These prefeired 
polymers are characterized as having carboxyUc acid functional groups and preferably 
contam between 2 and 7 cari)on atoms per fonctional group. The gek which fonn during 
preparation of tiie ophtiiahnic polymer dispersion have a viscosity between about 1,000 to 
about 300,000 centipoise (cps). Suitable polymers are carboxy vmyl polymers, preferably 
tiiose caUed carbomers. e.g., CARBOPODS (Goodrich Co., Clevehmd, Ohio). Specifically 
preferred are CARBOPOL* 934 and 940. Such polymers will typically be employed in an 
amount between about 0.05 and about 8.0 wt%, dependmg on tiie deshed viscosity of tiie 
composition. Pourable liquid compositions generally comprise an amount of tiie polymer 
betweoi about 0.05 and about 2.0 wt%. 

As used herem, the term "finely-divided drug carrier substrate" (or "DCS") means 
finely-divided solids, colloidal particles, or sohible polymers and/or polyelectrofytes v**ich 
are capable of selective adsorption or bmdmg wifli drug nmlecules. Exanqiles of DCS 
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include, but are not limited to: finely divided silica, such as finned silica, silicates and 
bentonites; ion exchange resins, ^vhich can be anionic, cationic or non-ionic in nature; and 
soluble polymers, such as, alginic acid, pectin, soluble carrageenans, CARBOPOL®, and 
polystyrene sulfonic acid. In general, the DCS conq>onent is used at a level in the range of 
about 0.05 to about 10,0 wt%. For particulate DCS, the average particle size diameter 
ranges firom about 1 to about 20 microns. TTie amount of DCS and its characteristics (e.g., 
amount of cross-linking, particle size) may be varied in order to produce the desired 
time-release profile for the chosen drug. 

Preferred DCS are the ion exchange resins. Some resins which are used in 
chromatography make ideal DCS for binding drugs in the compositions of the present 
invention. Such resins are readily available, for exanq>le, firom Rohm & Haas (Philadelphia, 
Pennsylvania) under the name AMBERLITE*^ and fi-om Dow Chemical Co. (Midland, 
Michigan) under the name DOWEX^. The average particle size diameter of the 
commercially available forms of the resms is about 40 to about ISO mica-ons. Such 
conmiercially available particles are most conveniently reduced to a particle size range of 
about 1.0 to about 25 microns by ball milling, according to known techniques. At least 
95% of the resulting spheroidal particles will preferably have a diameter less than 20 
microns. The ion exchange resins will typically be present in an amount between about 
0.05 and about 10.0 wt% and will have an average particle size diameter between about 1 
and about 20 microns. 

In addition to the above-described princq)al ingredients, the conqiositions of the 
present mvention may fiuther con:q)rise various formulatory ingredients^ such as 
antimicrobial preservatives and tonicity agents. Exan^les of suitable antimicrobial 
preservatives include: boizalkonium chloride, thimerosal, chlorobutanol, methyl paraben, 
propyl paraben, phenylethyl alcohol, edetate disodium, sorbic acid, polyquatemium 1 and 
other agmts equally well-known to those skilled in the art. Such preservatives, if utilized, 
will typically be ennployed in an amount between about 0.001 and about 1.0 wt%. 
Examples of suitable agents which may be utilized to adjust the tonicity or osmolality of the 
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formulations include: sodium chloride, potassimn chloride, mannitol, dextrose, glycerin 
and propylene glycol. Such agents, if utilized, wiU typically be employed in an amount 
between about 0. 1 and about 10.0 \vt%. 



As wiU be appreciated by those skifled in the ait. the compositions may be 
formulated in various dosage forms suiuble for topical ophthahnic delivery, mduding 
sohitions, suspensions, emulsions, gels and erodftle soUd ocuhir inserts. The compositions 
are preferably aqueous, have a pH between about 3.5 and about 8.0 and an osmohOity 
between about 280 and about 320 milUOsmoles per kilogram (mOsm/kg). 

The con^ositions of the present invention may also comprise non-aqueous 
formulations such as: substantially non-aqueous Uquids, substantially non-aqueous 
semi-soUd compositions, and solid compositions or devices. He first dass, substantially 
non-aqueous liquids, inchides a isoquinolinesuKonyl compound dissolved or suspended in 
one or more of tiie foUowing: vegetable and mmeral oils, such as Kquid petrolatum, com 
oil. castor oil, sesame oil. and peanut oil; triglycerides, such as tiie capric/caprylic 
tiiglycerides commonly used m foods and cosmetics; liquid lanolin and lanolin derivatives; 
and perfluorohydrocari)ons. Hie second class, semi-soUd compositions, comprises an 
isoquinolinesulfonyl compound dissolved or suspended in one or more of tiie foUowing: 
various types of petroktum, such as white, yeUow, red, and so on; lanolin and lanolin 
derivatives; gefled mineral oil having a hydrocarbon base, such as PLASTIBASE®; 
petrolatum and etiiylene carbonate mixtures; petrolatum in combination witii suifectants 
and pofyglycol, such as polyoT^I 40 stearate and polyetiiyloie glycoL 

The third class, solid conq>ositions or devices, inchides an isoquinolinesulibnyl 
conqsound m association widi (i) non-erodible devices which are inserted mto the 
conjunctival sac of tiie eye and Liter removed, such as tiie Alza-type difiRision or osmotic 
pressure controlled polymer membranes; and (n) bioerodible polymers which do not have to 
be removed firom the conjunctival sac, such as essentially anhydrous but water sohible 
polymers and resins (e.g., celhiloses, polycarboxyUc acids, and so on). Especialty prefeired 
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are the bioerodible inserts described and detailed in U.S. 4,540,408 (Lloyd) and U.S. 
4,730,013 (Bondi et al.), wherein isoquinoHnesidfonyl conapounds of the present invention 
would be entrained in a non-*aqueous matrix consisting essentially of polyvinyl alcohol The 
entire contmts of these two patents are incorporated herem by reference. 

As will fiirther be appreciated by those skilled in the art, the isoquinolinesulfonyl 
compounds of the present invention may also be administered intraocularly, periocularly or 
systemically (e.g. par^terally or orally). 

Intraocular or periocular administration may be effected by incorporating a 
isoquinolinesulfonyl con:q>ound in a surgical irrigating sohition used in ophthahnic surgery, 
or, preferably, by intravitreal or periocular injection. Such injection therapy will typicaUy 
require from about 0. 1 nM to about ImM (approximately 0.02ng to SOO^g) of a 
isoquinolinesulfonyl conq>ound for each cyt treated. It is preferred that between about 
200nM and about 160|iM (approximately 40ng to 80^g) per eye be used m such therapy. 

The preferred routes of systemic admhdstration are oral and intravenous. Oral 
dosing of an isoquinolinesulfonyl compound m accordance with this invention will typically 
range from about 1.0 to about 1000 mg, one to four times per day. The preferred dosing 
range of oral administration is from about 10 to about 250 mg two to three times per day 
Intravenous doshxg of an isoquinolinesulfonyl compound in accordance with this invention 
will typically range from about 0.0 1 to about 100 mg, one to four times per day. The 
preferred dosing range for intravenous administration is from about 1.0 to about 30 mg, 
two to three times per day. 

The present inv^tion is also directed to methods of treating glaucoma and other 
ophthahnic diseases and abnormalities associated with visual field loss. The treatment may 
be effected by administering a therapeutically effective amount of an isoquinolinesulfonyl 
compound topically, mtraocularly, periocularly or systemically. The preferred methods 
con^rise topically applymg to the affected eye(s) of the patient a therapeutically effective 
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amount of a composhioii according to the present inventiDn. The frequency and amount of 
dosage wfll be determmed by the clinician based on various clinical factors. TTie preferred 
methods will typicaUy con^rise topical application of one or two drops (or an equivalent 
amount of a soUd or semi-soUd dosage fonn) to the affected eye as needed, preferably one 
to three times per day. 

The following examples are presented to further ilhistrate various aspects of the 
present invention, but are not mtended to limit the scope of the invention in any respect. 

le I 



The hydrochloride sah of Conq>ound H, ako known as fiisudil hydroddoride or just 
fesudil, was topically administered to eyes of ocular hypertensive monkeys. New Zealand 
Albmo (NZA) and Dutch Behed (DB) rabbits. The resuhs are presented in Table 1. As 
presented. Compound n effectively lowered lOP m both ocular normotensive and 
hypotensive (laser-induced) primates. InNZArabbhs, lOP was marketedly lowered below 
base hne for the four hour dose response. Compound U also lowered lOP in the DB rabbit; 
however, the reduction in lOP was not sustained as in the NZA rabbit study. 
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Table 1 . 



EFFECT OF FASUDIL ON lOP REDUCTION IN THE OCULAR 
HYPERTENSIVE AND NORMOTENSIVE MONKEY, NEW 
ZEALAND ALBINO AND DUTCH BELTED RABBIT 



ANIMAL 
MODEL 


BaseliM 

lOP fmmHg) 


1 


PERCENT C 


hIANQEFRO 


UBASELINI 




1HR 


2HR 


3HR 


4HR 


6HR 


Lasered MlOP 
(n-9> t 


32.1+3.2 


21.9±6 .7 I 




14.6±6.5 I 




23.4±4.4 I 


Lasered MlOP 
(n=9) 


38.2±3.3 


15.9±6.6 i 




16.1±4.8 i 




7.1±4.9 l 


Normal MlOP 


20.4±1.4 


18.9+5.5 i 




21.7±5.2 i 




11.1±5.3 i 


Dutch Belted 
Rabbit (n=7) ft 


37.4±0.6 


33.7±2.1 ^ 


18.0±3.7 4 


10.815.2 i 


6.6±3.9 i 




Dutch Belted 
Rabbrt (n=7) tt 


32.1 ±0.4 


33.1+2.7 i 


25.2±3.5 i 


16.7±3.9 i 


11.7+4.0 I 




NZA Rabbit 
(n=7) tt 


27.^0.3 


36.2±3,7 I 


35.5i3.6 ; 


26.1 ±3.9 i 


22.5±3.8 I 





Alt drugs were administered to eyes in a topical manner at a dose - 500 (2x25 Fasudil 

was formulated in phosphate buffered saline containing 0.01% benzalkonium chloride. 

t No significant change in lOP from baseline values was obsen/ed in the contralateral untreated 

ocular normotensive eye or in a vehicle treated ocular hypertensive eye. tt No significant 

change in lOP from baseline values were observed in the contralateral untreated eye. 

MlOP = immkoy imratKuUir prcs.surc. n = number of animals in .study. 



Example 2 



Co^^)ound II (hydrochloride) was administered topically to the eyes of Ehitch 
Belted (DB) rabbits in doses of 75 and lSOp.g. The results are presented in Table 2. 
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Table 2. 

DOSE-RESPONSE STUDIES OF FASUDIL ON lOP IN THE DUTCH BELTED 

RABBIT 



Compound 


lOP 
(mmHa> 


0.5 hr 


Percent Change from Baseline 
Ihr 2hr aiir 


4hr 


Group 1 
Fasudif 
150 ua OD 


33.0±0.8 


8.8±3.8 i 


11-5±3.2 i 


14.6±3.5 i 


3.4±2.7 i 


0.5±3.2 t 


Group 1 
Vehicle 
OS 


33.8±0.6 


3 3±1.9 i 


3.7±2.4 i 


5.7±2.6 i 


0±2.4 i 


2.1±3.2 T 


Group 2 
Fasudil 
75 uQ OD 


34.3±0.8 


3.2±2.8 I 


3.3±r9 i 


1.7+2.7 i 


5.2±2.2 i 


2.9±2.1 I 


Group 2 

Vehicle 

OS 

All drunc wen 


33.8±0.6 


1.U0.6 t 


5.9±2.6 T 


6.0±3.9 T 


4,5±1.9 t 


1 .9±3-4 T 



InT^it/ a phosphate buttered saline containing 0.01% benzalkonium chloride. N-6 
animals/group: OD= drug treated eye; OS=vehicle treated contralateral eye 



A dose study similar to that described in Example 2 was conducted with the NZA 
rabbit. Compound n (hydrochloride) was administered m a topical ocubr fiishion in doses 
of 50, 125 and 250Mg. The resuhs of this study are presented in Table 3. 
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Table 3. 

DOSE-RESPONSE STUDIES OF FASUDIL ON lOP IN THE NEW ZEALAND 

ALBINO RABBIT 



Compound 


lOP 
(mmHg) 


Percent Change from Baseline 
0.5 hr Ihr 2hr 3hr 


4hr 


Group 1 
Fasudil 
250 UQ OD 


20.6±0.3 


5.5±6.7 i 


21.1+5.4 A 


24.9±6.1 i 


25.114.1 I 


16.314.0 i 


Group 2 

Vehicle 

OS 


21.2±.5 


1.1 ±3.7 i 


4.4+3.4 t 


2.7±3.2 T 


2.7+3.9 T 


5.413.6 T 


Group 2 
Fasudil 
125 HQ OD 


20.4±.7 


2.a±3.8 T 


11:6+2.9 I 


11.Q±4,7 I 


7.0+4.8 i 


5.1+2.7 i 


Group 2 

Vehicle 

OS 


21.3+6 


5.3±2.6 T 


8.316.0 T 


7.3±4.6 T 


7.2+5.3 T 


17.116.5 T 


Group 3 
Fasudil 
50 uq 


21.3±.5 


1 .6±3.0 i 


3.2-3.1 T 


2 .1+4 .7 T 


1.714.3 i 


10.815.7 T 


Group 3 

Vehicle 

OS 


21-4±,8 


6.7±4.1 T 


9.1±1.7 ^ 


3.6+3-3 T 


9.8±7.6 T 


7.4+4.5 ^ 



Ail drugs were administered lo eyes in a topical nianner (1x30 jil). All connpounds were 
formulated in a phosphate buttered saline containing 0.01% benzalkonium chloride. N=6 
animals/group; OD= drug treated eye: OS=vehicie treated contralateral eye. 



Example 4 

The effect of repeated doses of Compound II on the magnitude and duration of lOP 
reduction was evahiated in ocular normotensive monkeys. As shown in Table 4, a total of 
900)ag of Compound II (hydrochloride) administered in three doses, ten minutes apan, 
resulted in significant lOP reduction. 
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Table 4. 

EFFECT OF REPEATED DOSES OF FASUDIL ON lOP IN THE OCULAR 
NORMOTENSIVE CYNOMOLGUS MONKEY 



Compound 


Baseline 

lOP 
(mmHg) 


Percent Change from Baseline 
1 hr 3 hr 5 hr 


Fasudil 
900 \ig OS 


20.6±0.8 


23.1 ±2.8 i 


23.1±3.3 i 


19.3±3.2 i 


Vehicle 
3 X 30 nl 
OS 


20.2±0.8 


4.1±1.8i 


0.3±4.4 T 


1.1±3.7 i 



and N=5 for vehicle. Fasudil was formulated in a phosphate buttered sa(me containing 0.01 % 
benzatkonium chloride. 



Example 5 
Topical Ophthalmic Formulation 



Ingredient 


% (w/v) 1 


Compound 11 (hydrochloride) 


1.5 


Benzalkonium chloride 


0.01 


Phosphate buffered saline 


q.s. to 100 
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RvfiTnple 6 

Topical Ophthalmic Formulation With Sustained Release 



flngredirat 


% (w/v) 1 


Comnound II rhvdrochloride^ 


1 0 


Caibomer 934P or Carbomer 974P 


0.5 


NaCl 


0.4 


Mannitol 




Disodium edetate 


o.oi 1 


BAC 


0.01 


Water for Injection 


q.s. to 100 1 


NaOH or HCl to adjust pH 


,.s 1 



FyflTnple 7 
Systemic Formulation (Oral) 



Ingredient 


Weight 
Proportion 


Con:q>oundn (hydrochloride) 


50 


Sodium Citrate 


20 


Alginic Acid 


5 


Polyvinj^yrrolidone 


15 


Magnesium Stearate 





Preparation: The dry compo^on is thorou^ily blended, tablets are punched from the 
resulting mixture, each tablet b^g of such size that it contains lOmg of Compound n 
(hydrochloride). 
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Example R 
Intraocular or Periocular Formulation 
(For Intravitreal for Periocular Injection) 



Ingredient 


% (wA^) 




0.002 


1 Sterile balanced sah solution 


q.5. to 100 



M^od of Treatment (Topical) 

A patient suffering from elevated lOP and/or visual field loss is treated by the 
topical administration of the fonnulation of Example 5. One 30nl drop of the formulation is 
administered one to four times per day to the aflFected eye(s) thereby reducing the lOP 
and/or the progresaon of visual field loss. 



Example 10 
Method of Treatment (Systemic) 

A patient suffering from elevated lOP and/or visual field loss is treated by the oral 
administration of the formulation of Example 7. One or more tablets of the formulation are 
administered orally 1 to 4 times per day thereby reducing the lOP and/or the progression of 
visual field loss. 
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Example 11 

Method of Treatment (Intraocular or Periocular) 

A patient suffering from elevated lOP and/or visual field loss is treated by the 
intravitreal or periocular administration of the formulation of Exaii^)le 8. Ten to 
twenty-five microliters of the formidation are administered 1 time per month to the 
affected eye(s) thereby reducing the lOP and/or the progression of visual field loss. 

Example 12 

Other isoquinoUnesulfonamides were topically administered to the eyes of New 
Zealand Albino (NZA) rabbits. The results are presented in Table 5 below. 



17 



wo 97/23222 

Table S. 



PCT/US96/20197 



ICFPECr OF OTHER ISOQUINOLINESULPONAMIDBS ON lOP IN THE NZA RABBIT 



Compound 


Baseline 

lOP 
(mmHa) 


Percent Change from Baseline 
1 hr 3 hr 5hr 




20.4±0.8 


14.612.6 i 


7.2±4.1 i 


0.9±3.5 T 




19.5±0.5 


7.7±4.3 i 


14.5±0.5 i 


0.8±2.3 I 


CO 


15.6±0.5 


16.815.7 T 


ie.0±5.7 T 


37.0±4.1 T 


00 


16.2±0.3 


9.9±3.5 i 


9.4±1,9i 


3.3±3.8 t 



All drugs were administered to eyes in a topical manner at a dose = 500 y,g (2x25 jil). All 
conqjounds were formulated in phosphate buflfwed saline containiag 0.01% benzalkonium 
chloride, and in all instances N = 7. 



The invention has been described by reference to certain preferred embodiments; 
however, it should be understood that it may be embodied in other specific forms or 
variations thereof without dqiarting firom its spirit or essential characterisdcs. The 
embodiments desaibed above are thweftre considered to be ilhistrative in all rejects and 
not restrictive, the scope of the inveution being indicated by the appended chums rather 
than by the foregoing description. 
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What is Claimed is: 



1 . An ophthalmic coicposition for the treatment of glaucoma, ocular 
hypertension, ocular ischemia and related disorders, comprising a therapeutically effective 
amount of a compoimd of the formula : 




<ni) 

wiierein R = H or OH; 
and pharmaceutically acceptable sahs thereof; and an opthalmically acceptable carrier 
therefor. 



2. The conqiosition of claim 1, i^^ein the composition is a topical ophthalmic 
composition. 

3. The conq>osition of claim 2, A^erein R = H 

4. The consposition of claim 3, wherein the final composition concentration of 
the confound is between about 0.001 and about lO.O vA?/o, 

5. The composition of claim 4, wherein the final composition concentration of 
the compound is between about 0.01 and about 3.0 wt% and the pharmaceutically 
acceptable sak is hydrochloride. 
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6. The composition of claim 5, wherdn the final composition concentration of 
the confound is between about 0. 1 and about 2.0 wt%. 

7. The composition of claim 1, wherein the composition is a topical 
composition fimher comprising at least one component selected from the group consisting 
of: an anionic mucomimetic polymer and a finely divided drug carrier substrate. 

8. The composition of claim 7, wherein: the final composition concentration of 
the compound is between about 0.001 and about 10.0 wt%; both an anionic mucomimetic 
polymer and a finely divided drug carrier substrate are present; the final composition 
concentration of the anionic mucomimetic polymer is between about 0.05 and about 8.0 
wt%; and the final composition concentration of the finely divided drug carrier substrate is 
between about 0.05 and about 10.0 wt%. 

9. The composition of claim 1, wherem the composition is a topical 
composition fiirther comprismg at least one con^onent selected from the group consisting 
of: a gelling polysaccharide and a finely divided drug carrier substrate. 

10. The composition of cLiim 9, wherein: the final composition concentration of 
the compound is between about 0.001 and about 10.0 wt%; both a gelling polysaccharide 
and a finely divided drug carrier substrate are present; the final composition concentration 
of the gelKng polysaccharide is between about 0. 1 to about 3.0 wt%; and the final 
composition concentration of the finely divided drug canier substrate is between about 0.05 
and about 10.0 wt%. 



20 



wo 97/23222 



• 



PCTAJS96/20197 



11. A method of treating glaucoma, ocular hyperteusion, ocular ischemia and 
related disorders in a patient ivith one or more of such conditions^ comprising administering 
to said patient a composition con^rising an ophthalmically effective amount of a compoimd 
of formula: 



wherein represents a hydrogen atom, a chlorine atom or a hydroxy! group; and when R} 
represents a hydrogen atom, 

A represents an ethylene group unsubstituted or substituted with an alkyl 

group having 1 to 6 carbon atoms, a phenyl group or a benzyl groiq>, 
and are directly bonded with each other, thereby forming a 

trimethylene group unsubstituted or substituted with an alkyl group 
having 1 to 6 carbon atoms, a phmyl group or a benzyl group, and 
R'* represents a hydrogen atom or an alkyl group having 1 to 6 carbon 
atoms; and 

when R' represents a chlorine atom or a hydroxy group, 

A represents an alkylme group having 2 to 6 carbon atoms^ said group 

being unsubstituted or substituted with an alkyl group having 1 to 6 
carbon atoms, 

R^ and R^ are not bonded with each other and each mdependently represent a 

hydrogen atom or an alkyl group having 1 to 6 carbon atoms, or R^ and R^ 
are directly bonded with each other, thereby forming an ethylene group 
unsubstituted or substituted with an alkyl group having 1 to 6 carbon atoms 
or a trimethylene group imsubstituted or substituted with alkyl group having 
1 to 6 carbon atoms, and 



o R* R» 

jj-sS— N— A— N R* 




(I) 
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R** represents a hydrogeo atom, an alky! group having 1 to 6 carbon atoms 
or an amidino group; 

and pbarmaceutically acceptable salts thereof; and an opthalmicaUy acceptable carrier 
therefore. 

12. A method of treating glaucoma, ocular hypertension, ocular ischemia and 
related disorders in a patient with one or more of such conditions, conq)iising admimstering 
to said patienc a con:q>osition comprising an ophthalmically effective amoimt of a compound 
of formula: 



wherein R = H or OH; 
and pharmaceuttcally acceptable salts thereof 

13. The method of claim 12. wherem the administration of the composition is 
effected topically. 

14. The method of claim 12. wherein R - H, 

15 The method of claim 14. wherein the final composition concentration of the 
compound is between about 0.00 1 and about 10.0 wt^o. 



R 




NH 



(III) 



SUBSTITUTE SHEET (RULE 26} 
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16. The method of claim IS, i^erein the final composition concentration of the 
compound is between about 0.01 and about 3.0 wt%. 

17. The method of claim 16, vdierein the final composition concentration of the 
conq)ound is between about 0.1 and about 2.0 wt% and the phannaceutically acceptable 
salt is hydrochloride. 

18. The method of claim 12, wherein the composition fiuther conq)rises a 
sustained release component. 

19. The method of claim 18, wherein the sustained release coniponait is 
selected firom the group consisting of: mucomimetic polymers, gelling polysaccharides, 
finely-divided drug carrier substrates, and combinations thereof 
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